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AIR COMPRESSORS FOR PLANT -AIR APPLICATION
MOST APPARENT PROBLEMS AND SUGGESTED SOLUTI
ONS

Stan Nowac ki, Projec t Engine er
Engin eering Depar tment, Clevel and Distr ict
Repub lic Steel corpo ration , Clevel and, Ohio

INTRODUCTION
Notew orthy achiev ement s of the compr essor
indust ry
are being report ed in other papers of this
confer ence. In our presen tatdon , we will not attemp
t to
deny the value of those achiev ement s. Our
ultima te
object ive will be the same as the object ive
of
other partic ipants of this confer ence: more
advanc ed, more reliab le, more econom ical,
and more
practi cal machi nes. Howev er, our approa ch
will be
differ ent. We plan to discus s not the merits
, but
the drawba cks of the presen t-day machin es
and practices.
It is our conten tion that a better awaren ess
of the
existe nce of those drawb acks, will induce
the compresso r indust ry to take early correc tive
action s,
whene ver such action s are desira ble or requir
ed.
Thus, furthe r improv ements in the alread y
advanc ed
compr essor techno logy can be introd uced more
promp tly.
Addit ionall y, we might find out that some
other aspects of manuf acture r-custo mer relati ons are
open
to refine ment. If we succee d in establ ishing
that
these possi bilitie s exist, additi onal techno
logica l
and opera ting benef its will be within our
reach.
A TYPICAL PROFIL E OF THE MEN WHO SELECT , INSTAL
L
AND OPERATE AIR COMPRESSORS IN PLANT -AIR APPLIC
ATION

So, these men are not fully dedica ted to air
compresso rs, and cannot be classi fied as compr
essor
expert s by any means , Insofa r as air compr
essors
are concer ned, all that these men look for
are the
machin es which are depend able, reason ably
econom ical, and which would give them the least
troubl e.
It might be correc t to assume that most of
the
plant applic atiqn air compr essors to be sold
within
a year, will be sold to these men. The writer
of
this paper is one of them. Hence, his experi
ence,
observ ations and views, can be fairly repres
entati ve
of the views of this sector of the engine ering
community at large.
DATUM OF THIS PRESENTATION
This presen tation refers to the air compr
essors of
variou s types, usuall y deploy ed in plant air
systems, within the follow ing capac ities, pressu
res,
and mode of drive:
Machin es deploy ed in instru ment- air system
s:
Capac ity range 60 to 600 CFM, pressu re 60
to 100
psig.
Machin es deploy~ in genera l plant air system
s:
Capac ity range 400 to 3,000 CFM, pressu re
90 to 120
psig.
Corres pondin g HP rating s:

In order to gain a meani ngful unders tandin
g of the
proble ms existi ng in the field of compr essor
utilization , it is necess ary to have at least some
informa tion about the men who have to face these
proble ms.
There are a few rather isolat ed cases, where
a
large indus trial organ izatio n has on its staff
an
engine er, or an engine ering group, engage d
exclusively or largel y, in the select ion, instal
lation
and perfor mance studie s of the air compr essors
for
plant air applic ation.

15 to 700 HP.

Drivin g mechan ism: All machin es under consid
eration are electr ic motor driven (synch ronous
or inductio n), direct couple d.
THE MOST APPARENT PROBLEMS
FACED BY COMPRESSOR USERS
In the judgm ent of this writer , the follow
ing are
the most appare nt and the most freque nt proble
ms
with which the users of variou s types of air
compresso rs are being faced:

Howev er, in most cases, the tasks of select
ing, installi ng and operat ing of genera l applic ation
air
compr essors are entrus ted to the engine ers
whose
activ ities cover a wide range of machin es
and
equipm ent. Air compr essors form only a moder
ate
part of their respo nsibil ities.
In some cases
their involv ement in the air compr essors could
take
as much as 25% of their attent ion and time.
More
freque ntly it could be closer to 10 or 15%.
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(ll Recip rocati ng Air Compr essors , Lubric ated
Type
The term "lubri cated" has been accept ed for
1.1ener al
use to indica te the machin es with cylind er
lubric ation.
It is rather surpri sing that any proble ms
might
exist with these widely accept ed machi nes.
Nevertheles s, the opera tors find quite a number
of problems relate d to these machi nes. In this presen
ta-

tion just a few of these problems will be discussed:

These machines require more attention than their
lubricated counterparts. Their tolerance to neglect is low.

Capacity ratings:

Many non-lubricated reciprocals have a perfect operating record. On the other hand, multiple cases
can be cited where non-lubricated units have given
their operators a hard time. We recall a machine
which broke down after a few weeks of operation,
and failed to respond to our efforts or to those of
the manufacturer. Finally, at the suggestion of
the manufacturer, the machine has been converted to
a lubricated type. Since this conversion, it operates normally. Air valves were the critical
item. A typical case of this kind of difficulty is
described in more detail in William O'Keefe's column in the March, 1974 issue of POWER magazine,
Reference 1. This article should be read by everyone who intends to acquire and install a reciprocal
N/L machine.

No capacity ratings are shown on compressor nameplates. Neither is this data given in the machine
service manuals, nor in the manufacturer's drawings.
This is not a crucial issue. This is rather a very
annoying issue to the operators of these machines.
Compressor manufacturers cite several reasons why
they do not show compressor CFM. These reasons
lack credibility to compressor users. The Compressed Air & Gas Institute could do a good service
by inducing the manufacturers to agree among themselves to show capacity ratings, on the nameplates,
in service manuals and in the drawings,.
Positioning of components and accessories:
Some compressor manufacturers, responding to modern
trend~ in styling, are installing some of the most
essential machine components, out of view, in the
most inaccessible and impractical locations. Occasionally, these components or accessories can be
crowded one next to another, one above another, and
even, one on top of another.
In some cases the
accessibility is so bad, that safety hazards are
created.

Conclusions: Extreme caution has to be exercised
when acquiring a non-lubricated reciprocal. If the
selection is good, and if due care is given to the
installation and to the operation of the machine,
it can perform to the full satisfaction of the
buyer.
(3) Rotary Multivane with Oil Feed
In standard shop terms, this type of compressor is
known as a "rotary air compressor", or simply as a
"rotary machine".

Instrument clusters:
On the compressors from the past decades, the
gauges are scattered all over the machines. When a
gauge fails, a spare gauge is always on hand, and
the replacement can be performed within a few hours,
possibly within a few minutes.
In the last decade or two, a trend toward instrument clusters has developed. This grouping of
gauges on a single panel has obvious merits and is
operationally convenient. However, when an instrument failure occurs, it might take a mouth or two,
before the replacement instrument is requisitioned,
purchased, delivered and installed. All this time,
one of the vital functions of the machine will not
be monitored. This can create risky situations and
lead to a major breakdown of the machine.
Therefore, whenever the dependability of the machine is of prime concern, the concept of sca·ttered
gauges is preferable.
conclusions: Lubricated reciprocals remain the
most predictable and dependable machines. Nevertheless, some problems exist.
In selecting a machine, it will be practical to select a make which
has the least problems incorporated in its design.
(2) Reciprocating Air Compressors, N/L Type
The term "N/L" or "Non-Lubricated" designates the
machines which have no air-cylinder lubrication,
and - thus - deliver oil-free air.

My familiarity with these machines is restricted to
three compressor stations, each one in a different
location, with two machines in each of the stations.
on the basis of this rather moderate sample of rotaries, the writer has this to report:
Problems are evident in the area of vibrations, and
in the selection of components and accessories capable of resisting those vibrations. Additionally,
users encounter a series of problems related to the
cylinder-lubricating oil: high oil consumption,
oil leaks and emissions, poor oil separation, and
malfunctioning condensate traps.
In each of the above mentioned installations, the
operators took real interest in improving the machines, and upgraded them to'the point that all of
these machines operate normally round the clock,
and give good service. The upgrading required two
to three years of on-and-off effort in each of
these three cases.
The sound level is high, noticeably higher than of
any other air compressor that we have checked.
Sound attenuation is needed in order to comply with
the Walsh-Healey Act.
Conclusions: With resourceful and dedicated personnel, these machines can be upgraded by the buyer to
give good, dependable service. It would be practical to hear from other compressor users about
their experience with this particular type of rotary machines.
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(4) Flood ed Slidin g Vane
These machi nes are being deplo yed for instru
mentair system s, usual ly withi n the capac ity range
s of
60 to 120 CFM.
Per our own exper ience , and per inform ation
from a
secto r of the chemi cal indus try, this is a
depen dable machi ne in the size range shown above
. The
oil separ ation appea rs to be fully adequ ate
for applica tion of this air in instru ment -air system
s of
the common type.
This machi ne has been put on the marke t under
the
desig natio n of "rota ry slidin g vane" . The
term
"rotar y" is super fluou s (what else can it
be?) ,
confu ses the buyer and the user, and does
not serve
any purpo se. There fore, confu sion of prosp
ective
buyer s could be elimin~ted, and marke t penet
ration
could be impro ved, by omitt ing the term "rotar
y" in
the desig natio n of this machi ne.
concl usion s: To the best of our knowl edge,
this is
a depen dable machi ne, which can do the job
for
which it is being offer ed.
(5) Wet Helic al Screw
In mobil e comp ressor -unit appli cation s the
wet
screw is very pract ical and depen dable .
With refere nce to the statio nary wet screw
, opinions are rathe r divid ed.
Many machi nes opera te to the full satisf actio
n of
users . Conc urren tly, there are numer ous machi
nes
which do not satis fy the user. Usual ly these
problems are cited : machi ne breakd own and/o r
poor oil
separ ation . One of the write r's count erpar
ts in
the chemi cal indus try, has exper ienced proble
ms
with contr ols on one of these machi nes.
Whene ver proble ms occur , the manu factur ers
are busy
in ironin g out these proble ms.
This machi ne is usual ly adver tised as a "rota
ry
helic al screw ". The word "rotar y" is super
fluou s,
confu ses the buyer , and does not serve any
purpo se.
On the other hand, there is no indic ation
wheth er
this is a "wet" or a "dry" machi ne. There
fore,
eithe r of the follow ing desig natio ns seems
to be
more advan tageo us: "wet helic al screw ",
or
"flood ed helic al screw ", or simpl y "wet screw
".
Concl usion s: The poten tial buyer needs to give due
atten tion to the selec tion of the machi ne and
should look for a desig n and model with a good operatin g recor d.

Concl usion s: It would be highl y desir able
to hear
more about these machi nes from the engin eers
who
actua lly opera te them eithe r in instru ment
air
system s or in gener al plant air system s.
(7) Liqui d Ring
This is an intere sting case of a machi ne with
high
initia l cost, a high energ y cost per volum
e air,
very good depen dabil ity, and very low (near
none)
maint enanc e and repai r costs . When oil-fr
ee air
and a high degre e of depen dabili ty are requi
red,
this machi ne is a good choic e.
These machi nes are most frequ ently used in
the capacit y range 50 to 300 CFM.
Small liquid ring units in large inter iors,
do not
give us any sound -level proble ms. Large r
units , in
confin ed areas , requi re sound atten uatio n.
Concl usion s: Per our exper ience , this is
a depen dable machi ne, worth its cost.
(8) Centr ifuga l Air comp ressor s
These machi nes illus trate the remar kable succe
ss of
moder n compr essor techn ology . A most intere
sting
prese ntatio n, introd ucing these machi nes to
the
engin eering comm unity, has been given by John
G.
Greenw ood in the year 1964, Refer ence 2.
Anoth er
very gratif ying artic le about centr ifuga ls,
has
been writte n by G. c. Quinn in the year 1967,
Referenc e 3.
In actua l deploy ment in indus trial estab lishm
ents,
some of these machi nes have an excel lent opera
ting
recor d, witho ut any forced down- time in sever
al
years of opera tion.
Other machi nes need major repai rs after 18
to 24
month s of opera tion. In some cases breakd
owns are
known to occur even earli er. Many poten tial
buyer s,
who need oil-fr ee air in large quan tities
, are
fully aware of these proble ms, and hesit ate
t~ acquire a centr ifuga l unit.
Proble ms relate d to centr ifuga l air compr
essors in
plant -air appli catio n have never been discu
ssed to
any exten t in any engin eering forum or in
the general circu lation techn ical litera ture. Had
these
proble ms been discu ssed, soluti ons would have
come
much earli er.
Some of the proble ms:
Machi nes of an entire ly new and advan ced desig
n
need to be obser ved in opera tion for sever
al years
befor e full knowl edge can be gaine d about
their
capab ilitie s and limit ation s. It is quite
possi ble
that some machi nes were put on the marke t
befor e
such knowl edge had been gaine d. Many of these
machine s could have been selec ted for appli cation
s
for which they were not suita ble, and proble
ms
develo ped. In the absen ce of publi c discu
ssion of
speci fic proble ms, the word was going aroun
d that
centr ifuga l machi nes, in gener al, devel op
too many
proble ms.

(6) Dr:L Helic al Screw

Two makes of these machi nes are well known
on the

u.s. marke t: one make in the interm ediate capac ity
range
s and the other one in the large r capac ities.

Littl e is known about these machi nes in gener
al
plant air appli catio n.

362

Switching over from these general considerations to
specifics, it would be proper to mention, that most
of the problems which existed in the initial stages
of application of centrifugals have been ironed
out.

Conclusions:
It is the contention of the writer
that centrifugals are very good machines in dire
need of more information concerning their selection, installation and utilization. Until this information is readily available, extreme care needs
to be exercised in deciding "to go centrifugal",
and - subsequently - equal care needs to be exercised in the acquisition of a centrifugal machine.

For example, in the following subject areas the
basic needs have been determined: intake-air filtering requirements, selection of impeller material
for specific intake-air quality, selection of diagnostic devices to monitor various functions of the
machine, selection of other optionals such as dual
mode of compressor control, motor overload protection, sump oil heater, dual oil filters and coolers,
thermostatic valves for compressor cooling water,
and many others.

SUMMARY OF OBSERVATIONS

Of the problems which remain to be solved, the most
prominent one seems to be that of premature failures of intercooler tubing and/or fins.
With the
presence of offensive contaminants in
the intake-air, high efficiency (compact) intercoolers seem to be more subject to such failure
than larger size intercoolers.

(l)

Those who intend to acquire an air compressor,
can find on the market a wide range of dependable machines which can fully satisfy all of
their requirements.

(2)

In the low capacity range, two types of compressors can be acquired with no evident need
for machine evaluation studies, and with a
reasonably good expectancy of full satisfaction with these machines.

{3)

In the intermediate and larger capacity ranges,
the selection of an air compressor has become
a rather difficult and time consuming task.
The task of selecting the most suitable type
of machine requires a thorough knowledge of
all types currently on the market. The process of preparing purchase specifications can
be a complicated one, especially when a machine for oil-free air is to be specified.
Finally, the evaluation of the bids has to be
performed. This is a relatively easy task for
those who are fully acquainted with all types
and models of the machines which are under
consideration. However, this task can be very
difficult for all those who do not possess the
necessary expertise.

(4)

Even a basically good machine can develop serious problems if the buyer fails to give due
attention to any of the following issues:
intended location of machine (quality of air,
water, temperatures), intended application,
specification of materials for various components, machine installation and operating practices.

Opinions on this issue of tube failures are divided. In some cases, it is not even known to
which factors these failures are primarily related;
the quality of the intake-air, of the water, or
perhaps, galvanic action.
If theefforts of all concerned are coordinated,
this particular problem, and other problems which
are still on the to-be-solved list, could be fully
understood and resolved within two or three years.
Other issues:
Economics of centrifugal air compressors: The cost
of installation is approximately the same as for
reciprocal units; the foundations cost less, but
intake-air installations usually cost more. The
operating costs of machines located in areas with
industrial-quality air and operated round the clock,
are substantially higher than the operating costs
of lubricated reciprocating units. Under other operating conditions, these costs could be comparable,
as has been shown by John F. Moody, Reference 4.

ANALYSIS OF THE PROBLEMS
Capacity ratings: The disarray over capacity ratings is an issue which deserves consideration. The
capacities of centrifugal air compressors are being
quoted in ACFM, ICFM or SCFM. Of course, there is
a difference between each of these quotings. None
of the manufacturers considers it necessary to include in his bid the definition of the rating system he might select. This is another case where
the Compressed Air & Gas Institute can help the industry by establishing guidelines concerning capacity ratings for centrifugal air compressors.

{l) Compressor Industry

•

The situation within the compressor industry, as
seen by a compressor user, has changed radically
within the last two decades. Several new types of
air compressors have been developed. New manufacturers, previously not known to an average compressor user, appeared on the market. Many manufacturers have diversified their production lines.
Some of the types or models of air compressors
might excel! in quality, others might not be that
good. Some machines might give an excellent service in one location or application, and might
develop problems in other locations or applications.

Marketing: In some cases bids are being submitted
without a sufficient evaluation of the suitability
of the rnachine for the application for which the
machine is being offered. Practices of this character weaken the credibility of the whole industry,
and pose the buyer with a number of problems in deciding on the validity of the claims of the vendors.

Basically, this situation is perfectly natural, and
there is no reason to be critical of this turn of
events. The wain problem, which can be seen, is
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the reacti on of an averag e compr essor buyer or
user. Many men, famili ar with air compr essors
for
many years, have become compl etely lost in this
comple x struct ure of the indust ry and of the product.
This diver sifica tion of produ ct lines has anothe
r
shortc oming : it is more diffic ult to get a good
"facto ry man" on the job. It is eviden t that
several of the compa nies experi ence proble ms in the
develo pment of the necess ary field servic ing capabilit ies.
There are strong indica tions that the compr essor
marke t is oversa turate d. Compe tition has become
very intens e. Marke ting practi ces stress sellin
g
rather than engine ering which tends to raise
skepti cism in the mind of poten tial buyers , which
is not to the benef it o~ either of the partie s.

Avail ability of the inform ation genera ted by compresso r manuf acture rs is less than adequ ate.
The
exchan ge of factua l and meani ngful inform ation
in a
techni cal forum, within the compr essor users community , is practi cally non-e xistan t. The need
for
more inform ation is eviden t.
(3) -Avai labilit y of Techn ical Inform ation
The men whose respo nsibil ities cover numero us
fields of plant engine ering need ample techn ical
inform ation to help them in their work.
The inform ation from equipm ent vendo rs is always
availa ble. Howev er, this inform ation is restri
cted
in its covera ge of the subjec ts, and - quite
natura lly - cannot be thorou ghly objec tive.
The only techn ical inform ation with a wider coverage and more objec tivity which is availa ble to
the
major ity of equipm ent users is the inform ation
which comes from genera l circul ation engine ering
magaz ines.

The gener ation and dissem inatio n of techni cal
informa tion has not been keepin g pace with the developm ents in compr essor techno logy and practi
ces.

When one looks throug h these magaz ines for specif
ic
and readil y applic able basic inform ation on compresso r select ion, instal lation and operat ion,
one
finds this situat ion:

(2) compr essor Users Commu nity
The impre ssive progre ss in compr essor techno logy,
and the radica l change s in the whole struct ure
of
the compr essor indus try, have a pronou nced impac
t
on the compr essor users commu nity.

In the last fiftee n (15) years, the follow ing
items
of valuab le inform ation on the issues listed above
have been publis hed:

In the past, a buyer select ing a compr essor relied
on his own experi ence and on his person al prefe
rence for a make. This method was very simple
, and
gave very good result s.
Curre ntly, with the wide variet y of machin es on
the
marke t, and with a substa ntiall y increa sed number
of machin e manuf acture rs, very few compr essor
users
can keep track of "who-i s-who" in the compr essor
indust ry. Claims of the manuf acture rs and of
the
vendor s are extrem ely diffic ult to verify . The
informa tion on the real merits and the drawba cks
of a
machin e is hard to get. There fore, entire ly new
method s of machin e evalua tion have to be develo
ped.

(a)

The four articl es which have alread y been mentioned , Refere nce 1, 2, 3 and 4.

(b)

Two more articl es of a high practi cal value to
each compr essor buyer and/or user, Refere nce
5 and 6.

A breakd own of ~is listin g by the affili ation
of
the autho rs, reveal s the follow ing situat ion:
The numbe r of articl es prepar ed by
editor s of techn ical magaz ines ...... ...... .....
3
The number of articl es prepar ed by
those affili ated with compr essor
manuf acture rs ...... ...... ...... .....• ...... ...
2

Rapid ly increa sing intere st in oil-fr ee air for
plant -air system s poses the compr essor buyer
with
an additi onal series of proble ms. In many cases,
neithe r the engine ering sectio n of a compan y nor
the opera ting person nel, have the necess ary expertise to selec t, insta ll, and operat e the machin
es
for oil-fr ee air.

The numbe r of articl es prepar ed by
compr essor users and/or consu lting
engine ers ...... ...... ...... ...• · ...... ...... ..
1
An evalua tion of this data leads to the conclu
sion
that more inform ation can be genera ted and needs
to
be genera ted. In partic ular, it would be of a
great assist ance to compr essor manuf acture rs and
to
compr essor users in gener al, if more inform ation
came from the compr essor users commu nity.

Compr essed air drying equipm ent, which become
s a
neces sity in many new instal lation s (espec ially
in
oil-fr ee air instal lation s) , and the suitab le
selectio n of compr essor- dryer combi nation , are other
new proble ms facing compr essor users.
In view of the increa sing costs of fuels and energ~
the econom ics of the compr essors to be acquir ed
becomes a major issue.

THE ESSENCE OF THE PROBLEMS

(1)

Increa sing costs of wages and employ ee benef its,
requir e that those machin es be acquir ed which
necessit ate the minimum of manpow er in their operation and mainte nance.
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The analy sis of the proble ms which have been
just presen ted, indica tes that we are in an
era of transi tion in all fields of activi ties
relate d to compr essor design , develo pment ,
manuf acture , marke ting, instal lation and utilizatio n.

(2)

This transition opens excellent opportunities.
However, if this transition is left unrecognized and uncontrolled, serious problems are
due to arise. These problems are already evident. The current difficulties which are
being experienced by compressor users, testify
to this effect.

(3)

An organized and coordinated effort of all
parties involved in these areas of activity is
needed in order to identify all implications
of this transition and to assure that this
transition proceeds along efficient and rational lines. Close cooperation between compressor manufacturers and the compressor users
community is the most essential requirement
for the success of this endeavor.

SUGGESTED SOLUTIONS
It is suggested that closer liaison on the engineering platform be established between compressor
makers and compressor users.
Direct contacts between the engineers of both parties will result in the frankest and most fruitful
exchange of observations and opinions. Also, these
men are the best qualified to come forward with the
to many problems which are
most practical answers
evident in the subject areas of air compressor design, selection, ir.stallation and utilization.
A university with an active engineering orientation
could be the most desirable forum for those contacts.
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